INTRODUCTION
The formation of 5-aminolevulinic acid (ALA) is the first committed step that links to the regulation of other intermediates in the porphyrin pathway (Rebeiz et al. 1984; von Wettstein et al. 1995) . In plants, ALA is A low concentration of ALA application was found to increase the growth and yield of radishes, kidneybeans, barley, potatoes, and garlic by 10 to 60% (Hotta et al. 1997; Sasaki et al. 1998) . The practical application of ALA as a selective, not harmful and biodegradable herbicide was demonstrated by Rebeiz et al. (1984) .
When plants treated with high concentration of ALA are exposed to light, excess tetrapyrroles absorb energy that is utilized in photochemical reactions and photosensitizes the production of singlet oxygen ( To protect the photosynthetic apparatus from photooxidative destruction, plants must dissipate excess light energy. The protection may be afforded by down-regulation of the photochemical efficiency via the action of the xanthophyll cycle pigments (DemmigAdams et al. 1996; Jung and Steffen 1997) . Nonradiative energy dissipation at photosystem (PS) II is mediated by zeaxanthin and antheraxanthin (Gilmore and Yamamoto 1991) and is proposed to occur at several sites within or around the PSII reaction center (Weis and Berry 1987) . Researchers have used differential terms for energy dissipation, e.g. the quenching coefficient qN (Schreiber et al. 1994 
MATERIALS AND METHODS

Plant materials and growth conditions
Scutellum-derived calli of rice (Oryza sativa cv. 
Pigment extraction and analysis
For carotenoid analysis, leaf tissues (0.1 g) were ground in 1 mL of 100% acetone containing 10 mg CaCO 3 . The extracts were centrifuged at 16,000 × g for 10 min and the resulting supernatants were collected.
The pigments were separated by HPLC using a Waters 
RESULTS and DISCUSSION
Effect of ALA-S overexpression on energy dissipation mechanism induced by photodynamic stress (Fig. 2B) . Interestingly, the transgenic lines, C4 and C5, exposed to high light exhibited a greater increase in NPQ than those in wild-type line (Fig. 2B ). This 
